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Abstract 



The purpose of this paper is to investigate the possibility 
of preventing boundary layer energy losses by ionizing selectively 
the boundary layer air. Electrostatic repulsion at the vail surface 
of the positive ions created is the method chosen to prevent molecular 
collision at the surface and the resulting energy losses. 

A subsonic diffuser section of deliberately poor design vas 
the unit chosen as most suitable for testing the theory. The general 
method of attack vas to attempt to show improved diffuser efficiency 
using an ionized air flow. 
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Section I: 



The Mechanism of Ionization 



Part A: The Bohr Theory of Intranuclear Atomic Structure 

Before an adequate discussion of tho phenomenon of ionization 
of gaseous atoms and molecules, that is the removal of one or more e- 
lectrons from these bodies, can be presented, a clear picture of the 
lavs whi&L govern the actions of the orbital electrons is necessary. 

The commonly accepted theory which best describes the experimentally 
observed facts was that postulated by Bohr. Through the use of 
Planers concept of the quanta of energy and by making two brilliant 
assumption* Bohr developed from theoretical considerations alone his 
theory which for simplicity will now be described only as it applies 
to the hydrogen atom. If one wishes to apply the powerful mathematics 
of wave mechanics, Bohr*s theory can, however, be applied to any atomic 
structure. 

If we picture the electron associated with a single atomic 
nucleus from the standpoint of classical mechanics alona certain 
obviously incorrect conclusions can be dr?.wn. It is a known fact 
that two unlike point charges such as the nucleus of the hydrogen atom 
and its electron attract each other according to Coulomb 3 s inverse 
square law. Such a system can, therefore, not be in equilibrium 
unless there is relative motion. We can now make the following 
assumption and definitions: 



1. Loeb, L. B. The Nature of a Qas , p.22. Hew York: John Wiley 

and Sons, Inc., 193** 



The Mechanism of Ionization (2) 



(1) The electron must be in motion about the nucleus and 

its orbit i3 either circular or elliptical* 

(2) B e* *= charge on proton or electron and is positive or 

negative respectively* 

( 3 ) 2 « number of protons in nucleus* 

(4) a * mass of electron* 

(5) r « radius of orbit at any particular point. 

(6) v = linear velocity of the electron* 

The orbit may be established by writing: 

(Ze) e * attractive force between the electron 
r 8 

and the nucleus* 

mv* * centrifugal force on electron 

r 

Then: 

[lj (Ze) e = mv 8 

P r 

Sow for any given values B Ze fl and it is obvious that 

there are an infinity of orbits defined by values of ^v 8 and fi r a * 

It is further evident that an electron executing any such path must be 

continuously accelerating towards the nucleus i.e.» it is under the 

action of a single central force. Maxwell 1 * classical electrodynamics 

tells us that such an accelerated moving charge must radiate energy 

and its kinetic energy 1. av a is continuously being used up as 

2 
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electro-magnetic radiation causing a consentient decrease in potential 
energy. If this process continues to its logical conclusion the 
electron will follow a spiral path towards the nucleus and eventually 
fall into it, thus destroying the atomic configuration as we have 
visualised it* This we know cannot he the case for atoms are extremely 
stable and do not behave in this fashion. 

Bohr solved the apparent paradox created by the classical 
concept of electron motion about the atomic nucleus by making several 
restricting assumptions based on Planck’s quantum theory. Ke postu- 
lated that the centrally accelerated electron does not radiate as 
classical electrodynamics would lead one to believe. Considering 
equation (l) Bohr assumed further that and n r® must be limited 
to values which define certain discrete orbits and not an infinity of 
orbits. The only possible orbits were assumed to be those in which 

the moment of momentum was some whole multiple of h where tt h n is 

2 7T 

07 2 "5 

Planck’s constant and eouals 5-64 * 10 ~ erg t>ecs. 

A comparatively Bimple development of the restriction 
which Bohr places on the angular momentum is possible. If the orbit 
of the electron is assumed to be circular* it is easily shown that 
the mean value of the kinetic energy of the electron taken for a whole 

2. Planck, 14. w Zur Theorie der Warms strahlung n * Yol. 3^» PP*758“768 
(1910) and **Uber die Begrundung des Cesetzes der Schvarzen Strahlung a . 
Yol. 37, pp. 642-656 (1912), Annalen Per Fhysik . 

3 . Andrade, S. H. Structure of the Atom , Jvd, Edition p. 184. 

Hew York: Harcourt Brace and Co., 1927* 
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resolution is equal to *W. ** Here #£* is the amount of energy which 
must he transferred to the system to remove the electron to an 
infinitely great distance from the nucleus. 

The essence of Planck’s derivation of his universal constant 
w h* is that the energy radiation in an atomic system does not take 
place in a continuous way as described by classical electrodynamics, 5 
On the contrary it takes place in distinctly separate emissions and the 
amount of energy radiated out from an atomic vibrator is equal to w nhu tt 

where ’’a* is some integer and ’hi” is the characteristic frequency of 

the atomic vibrator. In the case of the electron executing its orbit 
about the atomic nucleus if *w* is the frequency of revolution then: 

u * w where w « v 

2 2/rr 

Lafc us now assume that we have an electron at a great distance 
from an atomic nucleus and with no velocity with respect to it. Then, 
if we allow this electron to approach the nucleus and take a stable orbit, 
during the binding of the electron ve would expect by Planck’s theory to 
have a radiation of energy equal to "nhu*. Then the energy involved in 
this change of state must be: 

£ * nhw * nhu 

2 



U. Bohr, H. M On the Constitution of Atoms and Molecules. 11 
Philosophical Magazine , Yol. 26 , p.3 (1913)* 



5. See Planck, M. op. cit 
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If the angular momentum is denoted by for a circular orbit: 

yTM s K. g. 

w 



But for a circular orbit: 



X. E. = e ~ hhv 
2 



Them 



n 



Where M 0 is the unit of angular momentum and: 



K = 
o 



27T~ 



which demonstrates the validity of Bohr’s assumption. 

We can write the expression for kinetic energy of the 
electron from (l) as: 

(2) K.E. « 1 mv 3 * Z e a 
2 2r 



How since moment of momentum is some even multiple of h 

2 rr 

if is any integer: 



(3) 



snrr 



nh 

27 r 



6* Bohr, H. , op* cit. , p. 15 



